Changes in the ultrastructure of cytoskeleton and nuclear matrix during HaCaT keratinocyte differentiation.
The cellular scaffold that comprises nuclear matrix and cytoskeleton provides mechanical support for the cell and plays a crucial role in motility, cellular signaling, regulation of gene transcription and DNA replication. In this study we examined the structure of cytoskeleton and nuclear matrix in the keratinocyte cell line HaCaT using a recently developed technique, embedment-free electron microscopy. With this method the three-dimensional structure of cellular scaffold is visualized in the cells extracted from soluble proteins and the chromatin. In actively proliferating cells the cytoskeleton appeared to consist of a continuous meshwork of 10--15 nm filaments with a smaller amount of thin (5 nm) and ultrathin (1--2 nm) filaments. In contrast to what could be expected from earlier immunofluorescence and electron microscopy studies, the cytoskeleton in HaCaT keratinocytes did not consist of superposed autonomous networks of different filaments but was a highly integrated, continuous structure filling whole cytoplasmic territory. Moreover, cytoskeletons of adjacent cells were in a direct physical contact. Nuclear matrix consisted of globular ribonucleoprotein aggregates attached to the meshwork of 20--40 nm filaments. Nuclear envelope was firmly fastened to the cytoskeleton. In keratinocytes induced to differentiation by calcium switch both the cytoskeleton and nuclear matrix were drastically rearranged and comprised a monomorphic, dense and regular meshwork of 10--15 nm filaments. Our data underscore the fact that in HaCaT keratinocyte monolayer in vitro, and probably also in the epidermis in vivo, the nuclear matrices and the cytoskeletons of adjacent cells seemed to form a continuous, highly ordered structure which is rapidly rearranged during cell differentiation. This feature may be crucial for the understanding of how the signal initiated by, e.g. mechanical forces generated through the cell--cell and cell--matrix interaction is transmitted to the nucleus producing ultimately changes in the pattern of gene expression.